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1. AMK OF WORK - IMTROVED KIPR RESOUTION (C. LOGAN)

I A. Work Item - Improved liZght collimattion duriri; KFR exposure.

This work item 1ws Ueen completed.

2 A. Work I tex - 1*ktsk W fer "Contact" Ex; -su-'c Sf.3co s.

,ruks work ite,i I.. s beon cv.arleted.

3 A. Work Item - HiLl. Resolution krzsks.

This wo rk itc:,-a 1j.3 br-n covirlet3d.

II. ARKA Oe' WOM1 - C~jl'TitCi znvFoh.ArON AM ALILOYIN 1 (C. LOGAN)

1 A. Work Item - mnrov I 3uh)str,.L3 flcett !r Desi,,;n.

BJ. Abstruct - ia rovc.1 suostr-te liea Lers coi t.e :cSiL,n described in tihe previous
r ~j rts lizove bo.in inst, lled n arc, bai1- use I for vapor
nposition proceJiinL. A number of :'naLyticaj. techniques were
3"xznssed for contaict ewilvition relative to process monitorine.

G. Fuirl ose -Consistent ,nd unifrr alui.inil'.i ent-ct surfrtces and alloy
necessit LteS controllel dioj oiition -,n alloy temperatures. Tlie
i.il rove.l heater df.sig;n hans ' cc n ievelol ed to nfiniblidze tempercature

r-. ient effacts which zrc- eltarrctcristic of' Lar e area electrical

D. Narrtti~e Work du-in1 _ thiis quarter ihLzr consiste I of 'Whe eV-Lluation of a
and Data- nu..ier of analytical tecliniques fcor definin4; the quality cf the

,cnt'-ct 1 recess. The followint; techniques were evaluated:

1. Gross-sectioning,
2. Ultrasonic Vibration,

41. Disoolittion of the conta)ct metal folowed by nicroscopic
examination of the substrute.

A cross-section Lnf tecinique was developed for mezsurinz, the
Ie~ree Lf -luminum-silicon interaiction, which involved anj;le-
laplitiL of the tranuis tor structure followed b hija w-nification

miroscolic viewinj;. Due to preferential 2urzasion of the aluminam
wlii:. occurred under cerl-4,in LnprinZ conditions, the reproduc-
ibility of th.is technique was open to question. The feedback time
for results wzus also tou long for cenvenient use, so this technique
w..s abnnmkone..

Li'e re;,ulvr cle,,.n-up whichi follows .lloJiL has been expanded to
include a khi-,i-pneray ultrzasonie vibration in a water medium.
Wafers wit, ba:rjgizial nllo, quality are i.AL'ieh:iately reco~nizable,
!ue to eithe- par lial or~ coiiplste loss of th~e contucts. Wafers

showinL; sn~all isolate-! areas of lost aluminutm are physically
abraded with a shairp pointed instrument to distin,,,uish between
overall poor alloy due to soi ia surface condition such as residual
oxide or KPR.
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A technique for t e reriovrtl of tile aluminum from the contact Lrea.
usin.d a chemical etch, either Iii' or 101, and then viewing tile
alulainum- silicon interface at Uigh miagnification under dark field
illumination has been established. This has proven to be a very
desirable technique for determining contct :tlloy quality based on
ci'.r- cteristicafly identifiL.ble interi'ace conditio~ns such as
icnd-ite or pit size and donsit,-', silicon rct;;rowtb forliation and
c..orphous silicon deposits.

Backine up tihese analyticiJ. procedures is a pre-sampling plan, in
w.izh a s.il .11 nu~anber of pellets is fabricrted into deviaes and
bcn,-;-bility (ease of tihcrnccodilression bondin,-), strengtl! cf the
Lund (drop test) and electricald resist' nce of t ;e ccnt.',ct are

Wit;t t e exzerticn o! thle firsL teuliniio (cross-sectioninig), all
t,iesp procedures h.-ve Leen a'oj t d to some de.-ree and are beingf
iisrd for jrocess monitorin,-.

G.(onclu- - Mae new infrarew 1:eater Jc~in .a.:; efiecteJ a silgnifica.-it inmprove..ient
sions in the repro ducibilityv :,nd undforidt; of tie contact Frocess. These

iliprovei:ients were verified and .re beinL, -aintzrine)1, using tiie
jrco.355 ionitorinjg techniques Aescribed aibove.

F. FroL-: - TlijS WLrk its4a li-s ecn cc, Ilctued.
for oext
suar I:r

2 A. Work Iteii, - Teuilei;.ture 2ontrol ilnrove.,ents.

This work itea i Le..n coi;pleted.

3 A. Work Item - Rezulated Leak Consideral.ion.

This work hz s been pre-e.ripted by ti.e vniamum 4erosition process (See 4s A.)

14 A. Work Item -Vacui'a. Deposition Jrocess.

B. Abstrnict Tae clevat3d substrate tearperature deposition process has become
S A"I pricedure for contact processing.

2. uryose -To develop consl.-nt process which wro'ili miniaize the critical
it'ire of TJ3, ri ormo Compression Bondint;, and promote repro-

1, A.Ali4 y cf -lloy r3 ;ions havin ne -,igible effect on the
ele~t~c~.- . mneters.

I). Ntrr;,Uive - ciro "N rr:i~ive .nd Dati" for "Work Item - Improved Substrate
and Dan fleater Design", in "AreL of Work - Gontact Evaporattion and

E. Jo nu~ 1, - 2 -lova-n. eL!. f~'ttre ; '-psitions, alonc with the improved
sions sul1s'r: 'Ie henter icsi,;n, :,ava resulted in iriproved repro du cibi lity

riK~o uilftr..it i u.s loct jrocv-ss, an]1 Lence imiproved lead
ttauX;.oent. Irc,,es-; ;io~itc-inv Lecniques, as discuss-d in 11 1 D

ze verifie i,.Js z -i ill 1,r i~s') UV ensure 1rucess control.



F. Pro~ram - This work iteoi has been comle ted.
for next
Quarter

III. AREA OF' WORK( - COLLEC.LOR ETCHiING (C. LOUAN)

1 A. Work Item - Surfpce Masking.

Th-is work iteii 1ws been completed.

IV. AIZA OF WCRK - ECRON DIFFU'~SION (A. R. PI 1-lEMiO)

1 A. Work Item - Replace Present 13203 Solid Source Process by v iZl 3 aseous
Sor'rce Process.

This work item was teriiin-.ted, as rei'trted in Q'iarterly~ Repoirt No. 3.

V. AREFA 01,' WORK - iOSIHORtUS DIFFUTSION (J. F. WHOIRY)

1 A. Work Item -Iijrove&1 So 'rce Heater for 1hosrhoruMs iffusion.

Mhir work item hivs been ciap-leted.

2 A. Work Itemu - lnproveci reclnique of Loading- Phosilhorus Source Boc.ts.

This work item i s Leen covilleted.

VI. AKtih Or' WORK - (CXLIR~i'ORi ;O'TThi,; ro TIE : F.01 ('I.E. LflZL, J.L. DURSO,

0. RltiAS0N)

1 A. Wdork 1te.'i - :ted*,,-tion in 3ize or Frefor..

ri.c b~ si wo.,k t- .. *s the ieL .r~;f tie prefor,,i mount equipm~ent to provide
rtapid, :ccirvte -nd reproducible att'oll.:ier.L of prefc:.iis to headers prior to
pellet iicunt nA U1 optiiaize firth.er ii entir3 pellet nount process.

B3. A'str; et -Work proruc~siei t( t! o int wiiGe pref or,:is were Leinu P1 lie&.
uciratel:' A' pl.- nne 1 r,!Les. T.,e Ireforia :.oiiine was t'ien incorp-

orated in ;, e Iroluction line. T.,e .hc meiis subsequaently
experienced c,rsider1le doy iti; ie, tue to i-: intentance problems,
!xit work o~i tl~is "firs~t ,eru -aiul ,iac ine ir. cc isi-ie-ed satis-

k;. PFirpcso , - ,o 1i' airiti t. is pcricJ w;.z to co ilete the (Ce.u4lin; of t:he
Irc_-, r .._ouvitiri equip.ent.
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D. Narrative - Debugging work was com pleted. More accurate preform ribbon
and Data tooling was provided. In ordier to increase preform placement

accuracy still further, a retractable hold-down was incorporated,
to control the preform from the time of cutoff until welding
took place.

E. Conclu- - The feasibility of this work item wus substantiated. Continuing
rions effort must be made to maintain placement accuracy t.nd to zinii.Lize

equipment downtime, but the basic work item is considered to be
complete.

2 A. Work Item - Reduction of the Corroding Species by Improving Cleaning and
Tighter Inspection of Purchased Material (F.K. GIASBRBNNER,
R. J. KOB=-)

B. Abstract - During this period line experiments were conducted to determine
the effect of thermal cycling on gold adhesion and samples obtained
for comparison of "as received" versus "cleaned" parts and placed
on high temperature storage tests (300°C. to 3500C. range).

C. Purpose - ro determine if the inspection procedures and tests are adequate
in controlling the quality of the gold plate, and to determine the
effect of uncleaned headers on device performance.

D. Narrative - Hitherto, work has been essentially concerned with determining how
and Data well the cap, preferm and header meet the drawings, and the

effectiveness of the incoming inspection and cleaning processes.
Recognizing that the header and its finish play the major role in
obtaining rood alloying or adhesion of pellet to header, devices
were fabricated with uncleaned .ieaders, in an attempt to evaluate
the effect on the collector contact.

The experiment with cleaned versus uncleaned headers was designed
to determine if healer cleanliness can contribute to a major mode
of failure. After 1,OOO hours of baking at both 3000C. and 3500C.
on "as received" and "cleaned" parts, the results indicated that
there were no opens of pellet t, header contact in either group.

1. Cap and Freform.

No additional information was obtained in this area and no changes
were made in the drawing, as processing is considered to be
necessary at this tim, to improve the quality of the product.

2. Header.

To date we have investigated the thickness of gold plate, the
identification of base material and the effectiveness of the
cleaning process, as determined by infrared analysis. Vendors
have been approached on the subject of the purity of their gold
plating, but they were unwilling to specify anything more specific
than 24 K gold. The purity of tie gold used is imnportant, and
control of contamrination in the gold seems to be a constant
problem in the plating processes.

It has been observed during experii.entation that subtle variations



between plated parts ",ould affect some line processing operations
such as thermocompressioa bonding and could lead to rejections at
this work station. These variations have not been detectable by
incoming inspection procedures. Therefore, more inspection has been
instituted, based on line usage prosessing, to ensure that poorly
plated lots do not reach the production lines.

E. Conclu- - It appears that the level of contamin-tion present in the devices
sions is low enough in ,iqgnitude to rule it out as a contributor to a major

inode of devine failure of collector contact, i.e., no opens in
"cleaned" or control versus "uncleaned" header experimient. mherefore,
no &m.Jor ch.nges in heifei drawings will be initiated.

F. Progrim - Tnis work item fih been ,cipleted.
for next
Qu.r ter

VII. ARFA OF WCRK - INTERCOMETIONS.

1 A. Work Item - Improve bcndirii: Iro ess (LANZL, DURSO, KOBIER).

B. Abstr A - 1. D--rin t is period tests we:r -o.,pleted on units fabric ted
wiTi, wi from Vendor H. Re. !Its of . study of wire specific-
tions -d sarf .e , rt .:LLi zor, v.ec uiso completed.

2. fl n. : :,' r.it. Luv(e I ri t(.) .e,'a converted to u new

v..-, e i',, W.Li, 1. jrevwt , - - - iiprcved bond strernth.

C. Fiurpose - 1. To dcieroor:e t.,t eflect (f .vteci frc.;i Vendor B on device
stro., U , a with ,:- Lirmt.u, o: Li,aa wire specifications.

2. To obtn .n tr. cjtiu,: Lcn tr,: process, using a new wedge design.

D. Narr.tive - lt. Sa ond .,r:e Wi W±r. Sull (Vendor B).
and D.t

Units f Lri.. ted with w., Lt,.iued from Vendor B have been
z3uhJe.tej t,, series of ,,e.h. racal tests, an,i the results are as
toilows:

e ±

vendor t !n I a i:,.ei of1 O,0js Ataer

,nj-e PNr PL. e:r Vi.u Dr..i'±iu te io
3i .oE Veador _ fti , Var. Freq.

S-K i.; KJ 35 KG 50K3 200 20G

4o 1.L 1 3 4. b 6 b/39
3b 9 C 1 3 3 3/37
g 13. 0 0 2 2/37 2/37
3 ' 1. , _ , 5 9 9 9

Our results inic ted tL t failure r tes for ,.e 1% and 16%
CioL; ticr. wires wee ,.a,,,r t,, r t,.use for tile % and 13%
elo.,.;-, tici. wr-t s.



An order w'-s t"eeLre 11,ced with, Vendor B for 500 feet of wire
to i. - 13% U~or,, tion va.,ue 'ange (G.E. measured these elorig-
..tioris .s 10% - 114%). When the &i terial was i-eceived and tested for

;o41±Lc iti slecifiL. Wt, i, w~.s found to Ue in the 15% - 1614
rz niL.e, and was returna., for rei.1 cement. Lie ven(Ac~r felt tn: t 10% -

i14/0 w,.s too tigl~i rale to~ j~rt(uce consistently, aria . compromi.se
.'..ne of "J - 15%v, _ . rud UIU:L.

1i; teni. 1 to this - ri~e 1, W- be: n :-ecrived an,-. iE beinLh processed
on the FrLCIUC Lion line at. t! e y. :;nt time. PerforuiL rice will be
rercrLed ait Li :,e, ...

lb. Study of Wire Specifi c.tio is

Thlrin , tlkis period f.n irvectit,,ticr w coripleted on tfle effect of
re-. nrea,'lii4. nrnealed wire on the uonLd., ti( n ran~e and' break load
of wire from Vendor A. ri~r; resumlts re as buclows:

Elon,,.tion % kiij Loz:2 (Gaas.)

A., Rcc~eive] After .4-~. eiv6After Anne. lint;

1. - 15.h 4 C -. ,* lc'.9 - 25-C

T;erefcre, i:-._ Li~r rc-sultv t- id tc -i. te ur.J.- slight clcnee
in iicc, nij' " prcj~eti,_e .. IK, -r~-o.1L . wire on sav 11 spools

.ra- rMIL iLn, ie d1~i .on - 11,e i~~-15% ai.rears to be a

le. Surf, ca- Cont. iair .tion~ cf Wi*rL-.

Wir. Irci VtiidL, A, " .E received", w.. eukc :,Xr orLLI~ic x tendU
1,v iiifrmreJ ,ri 1 sis n,; w-Fs L~une tc. i1x3 * 1C i.m, whici
redu..cd tc. di 2 y ,fter t. e -Is rij.E- cyov tion. However, samples
Of f .e IJ fn1. Veridur B, wi,icl1 is esti.,. ted t. ii--ve :.rrcxrz tely
the sJieE 11 r4. ye" nc of or:,anic invteri 1, were n.n on 300KC.
stor, , e ftur 1,00( !ic rs wit,. no resultiniL cr.ens or f~Jlures. This

Sinl1- ( te L.. t a.' J*U)L'r_- ce in x nt- min- tio:i levels was not
sitniiic; in efl(';;. tc I-,- iri : nr effect en deviu;b pe.'fcriK.n;ue.

id. The ori, in: 1 ui-'cctive of cut- ini. worc un.U crm ;h4'sicclI
prL;'..,'ies cf wi.'e Ii. s been re: 1ized co ct: iidr twc vendors
capvl-le of 1:rc..iicin{. ='teri; 1 ]par t '.. rtF.vised specific: tions.
3,, nd-ri~i of _, ie len, U. fur elonjzticn at! syeeific-ticn
of r. te (,f pull will ensure U., t this unifcr ,iity is =.int,-ined.

Thierefcre, wok iii t.- area is complete.

2-. Results f rom wadi e dezi-n experi~ents during Li~e lu-st quarter
sihuwed .at :si nific., nt imiprvement in bond, strength could
be o~tL ne- by oliar.inr tie we,_e desi n. fL~e devize manu-
f,-ctnrinf, line w, .s converted to one of the new desionB which
h a *. h-nil irtste .6 of P 2-mil bo~ndin:g width. This new wedge
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alirin-tes tho tbecnd Un--. to txne ellet results it, a
conside-i. ;I~e ). .Ioveirit iin t.,& bondinr, r- ZIe.

2b. rie bofldinh Irc cess this bain tiodified to -. co.uda.te the new
we~i~ &sn, tn e ti-Et1 0 GO arcx.) units fabricztc

hzave been useI in tite eleetrien.l screenire, exl-erimlents. The
cdcvelolver~t zf tii- kr~c;s is coneidered to be complete, and

*intif., cturin6 ~ci~ ~ bec;n deiwnentr'.ted w;,ic.; 6eu di
si ,nif i t, i..prcvi~ ir- L(.r~r; s-,-e1itAi.

E. Conk.u- - 1. Wire: Iruld Vendor ?, w.. seen tU cr.I'riri rnechnic.:.lIy tG th~t of
sionsl Vendor A in Cie Qlo1% tion rtn~e Of % - 15/4. T-is eloyi,,tio n

rLante i8 seer. to be th. t which fewest failures are produced
-ind wlhich is ueLt work ble irota az mnuf -cturirL standpcirt.
Sirf..ce cor~tt- tion on "as reeived" nivtrial was not sig-
'A:iCL rtI.L .ifterent frir. tl,; t of "cle rnod" -,iterial in its
effe-t cr, c viurc 1.e-,formnce. Work in tnis aze. is cotaplete.

2. T; e -. rxZ' 1.!-&- -1i ccnvezfted Ut. new 'Lndir.L
Irocess ivk.ici, irclveeo 11 izApr( ved we(, e desi,,n. Work in tcis
,r-,x is c.4e.e

VIII. AREk OF' WORK - TRELIABI3U' i ,SV3REU.EN (2 E. JAMOdSP A. FOX)

1 A. Work lt,&- oi.jletion of 1. ; 11 1 --n,-, Exjefri,,en!ts, lncludiniL tne Adj.,,-ion
r21 Co.i-letioi. of S. ,fr 1 0-,; 1r-r s rnot -reviousl3T I-ei~tioned.

Cornritioin oi Volt -e jsTe.4c:'-,ture Stri.sr on the I1Aase 11

B. ALstr.ict ft 1. su7 11 ol I.-. :e 11 pre-tcest experinents, including
those ad-ed since tlie tLird q-rarlr1 rejcrt was issued. Resrulta
..ro s>.,wr in fi~urez' 2 thrcuj,h 10. fti~ura 1 shows the Ithase 11
cxpIii:rierts. F3.~e 12 tl r4u. 1> sbcw the anal.1ysis of results
to d ,te .

G. Purlose -1. T., jre-tes~s 2isto IA ..vu h le in Fi[,ure 1 were designed to

in'ic. te wxtiher - .)CXC. or : MOW'. o:tke, rz-rxing in tLs
froi~i 2C, iours tL 00) i.oure, wouldI afftect the mecha.niazI
strenLthl Of ti-e icld wire-to-pellet .ond. Tbic would indic.-ite
iicw lonL .i volt- ue plis t.z.pe.-.,tuz'e screen could be run
I~ofore it ,f fected i~~.'x.1 st .afn tlt-

L.. ictermine i.IotiUer t'e irtill suoje,;ticn of tUe devices to
,T KU zentrifi-i u. (-ficc t  cir subsequent perfcriiae

., ,ii,'ir cstress.

2.The pre-t,:dtF listed "A tIhrouu.I 2E were rin tc

provide an esidi.,: te of cer.ted oper.&titq; life failure
r-, tas prev..ilinta iurinL, t. x 14tter s~i-,f of 19U2. This, in
turn, woulo enl.: it s tAo ke an ef icient select-ion of
r- inple sizei, ol erb triu4 life Lests and jprcjportionment of
sziuijles between tests.
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FIGURE 1 - PROPOSED PRE-TST UPEIENTS.

Approximate
Number of
Devices

1A -125 200 C. * * 200UC.1

lB - 125 3000 C . jtrifui e as Above 280FC. Centrifuge as Above
200 Hre 1112 Hrs

10 - 125 Centrifuge as Above Centrifuge as Above

IFIPROVED 1D 20C 20I 35I'3 c1 0 28C. 0 5 .5
BOM ~ 200 Frs 1~i 1m i MFi 0 r ?.M
DEVICES * * * * *

PARTS A,0 20C. 5IO 5O. 35-0q
C, ES G 1 i 168H 1Mi 1100lHr 15MS
Fl GLRE 3 * **
AFTER 50 IE 2000C. Salsequence -As for ID. excelt that bake temperature is
KG CENT- 200 Hrs 200 C. instead of 2600 C.
RIkI ,E.

1F No ve Same sequence as for ID, except thz,.t all bakes are omitted.

2A - 25 1-b WLtts, 30 V. Read ICO, IEj, hFS at downtimes
1500-l1,000Hrs. 48, 168, 500andl1O000Hours

2B - 25 1. Watts, 30 V. Readings and Downtimes szm.uea
10(0- 1,000Hrs. for 2A.

2C - 50 1.2 Watts, 30 V. Readings and Downtiiies sa~lie as
$. 00 - 1 000O Hrs. for 2A.

2D - 100 1.0 WzntLts, '30 V. Readings and Downtiiies asl* as
151X)0- Hrs. for 2A, -,xe L L-hour omitted.

23 - 10c, 09. Watts, 30 V. RPL.din~e ind Downtimes same -as500-1LCO Hrs. for 2D.

3A - Devices from 9L. :-.n.d 15'..-Loirs/step

* - Read for Opens and

L50 1C0 hs.I
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3. The pre-test listed 3A was to

a. determine whether those devices which had previously showed
stability on an extended voltage plus temperature screen
(stable Phase I devices from Temperature plus Voltage Step
Stress - 92 hour and 192 hour treads) were significantly more
stable when placed on 1.6 watts, 1,000 hour life than those
devices from the same lots which had not previously been sub-
jected to 45 Volts plus tempe-Lture.

4. 4A shows a 3 minute ON, 3 minute OFF cycled 1.6 watt operating
life test. The purpose of this test was to determine whether
power cycline produced a significantly larger percentage of
legitimate failures than non-cycling (The 3 minutes ON time
allowed the junction temperature, Tj, to arrive within 90% - 95%
of its 1.6 watt steLdy state temper.ture).

In general, these pre-tests were performed in order to provide more
information than la.d been obtained durinr Phase I, because of the
hig reliability of the prcduct.

D. Nrr: tive - 1. Pre-Tests to Determine the Effect of Temperature on Mechanical
and Data Strenth (Tests A through 1F).

FiLure 2 shows the results on stand3rd production line devices,
L=rufactured during the second anc tUird qu;,rters of 1962, which
were taken thLrouLh experiments 1A thrcugh 1C. Only opens and shorts
are classified as failures. From this data Uere is no reason to
suspect that those devices which were previously subjected to a 20
KG stress experience significantl, heavier f, ilure rates at the 35
KG level thLn thiose devices which were not subjected to the prior
20 KG stress. Although some c ses ive . contrary indication (5
filures in lot 304208, which included 20 KG centrifuge, against
10 failures in lot 305111, which did not include 20 KG centrifuge),
the overall results - 20 KG lots versus non-20 KG lots - indicate
nu significant difference. The data following the second temperature
stress also supyorts this argument: no further failures.

T e d. t also indicz.tes that tncse devices which received oven
st,-ess for 312 hours, eitlher t 2000C. or at 260 0C., are apparently
,ict si,-ificontly we ker ;.euhi nic-,lly th: n those devices which did
rict receive oven stress.

3. tistiu I results sup1lrLinr, tLe two no-significance contentions
st-ate bove !.re -s follows:
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FIGURE 2

PHASE II PRE-TEST EXPEtIMENT S

EFFECT OF OVEN STORAGE ON MChANICAL STRENGTH

~o

d t:-d

.NO. i- t -4 0
N4.4 2 W 43

I I

304208 63 NO 1 4 5 NO 5 5
O 0 CVEN

3Ch4207 03 4 t. 47 420 7 7

301,26 61 3gr 3 6 O 6 6 O
C C

305111 62 NO 7 10 NO 10
O lN OVEN

3(CS11O 2 4 4 -- .4

30.1105 62 3--C 8 2. 6 8
du cli



TWO BY TWO CONTINGENCY TABLE FOri A CHI 3NUARE TEST OF THE &F'ZCr OF 20 KG
PRE-CENTRII4JJ ON 35 KG 1hECHAICAL STRENGTH.

,)EV10ES WITH NO DEVICES WITH MARGINAL
FYiIOR 20 K ! FRIOR 2C, KG TOTAIS

oizMfVED 1±XPEC'&Eb 0 3EiWE MLPECTED)

I)EIGEM AIIJN !Y (AM)
INCLtJDINu) MhE 3 j Ko, 1 20 Lic

CUMtTITVE ~'b~0?
DL,'IlkES MiA331N, i.~y (ATM
I U 1)1!'K,) 'r; - 3ri' h, JLL L)j. ~ 17 3 33

ixn LEVEL

w> . r:'~~~ ti.: Jr.CWti .t, r - Kj ck'vice
*iI'r' r '.e tc, 1.e 1-,~rK~~~.I.. ~ .~~L t. - is Cuo" flc'

, ! il i' : r ! , , ir r., r'Lc t.c i'v( c. 109~L tointzv

r"i 2 IL r L. .. ~ .Lk a .- v.- ' jI~C 3t 2r~~or 300O hours

LIIA.13 WIT.i V0 1JIZV1%.Z3j WITTA 200& DF1ICES IiT, , 3'Lr- IJA1 2 IAL
OMi: r YE-3MhESS U. CVEN FRE- G. OVEN MER- TOTAIS

OiB3E X3EXI D 1i) 0.-39? 1E')ED ~(ZU 1' C±SMIVE KiE&fE

JU,.lIUtT1 IE I'OtT-
A~ItT. A TCS lir' ill., 114 l1.L ic 119. E 3 33

Y~Kj LVELI

i~ A YL 1UTALS I _____ 12~ ___ 12 3 1____ 373

Actal 1.111

0A~ r'quz.re s 2 ;~:cw tLa t if the ;rc:~ re i. 2'entic-.1 ti e:'e is
j-ro'.' )jjityr tiir t tae .b(.ve clif iorenoes wou1,' be L'-served. In this case,

)( 4 .A for two degreur of £1'eccA. TidS infcri,. tion shows aj,.-in thAat there
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is no reason to believe that oven stressing for 300 hours will influence the
performance of the devices at 35 KG.*

Experiments ID, 13 and iF are similar tc ti-e experitents just described except
that the devices used were febricated with improved wire and using improved bonding
tect.niques, ,s described in thc first coluiui of Figure 3, the 1-esults table. The
conclusions derived iev'e do not conflict with those shocwn in FiGure 2. Because of
the improved bondinL techniques, however, tLe failure rates zre either s1W.ll or
non-existent. Note that a total of over 600 hours has been -ccumulated on these
improved devices, with only the double-bonded, type "C" wire, devices showing the
effect of the oven hours.

2. Pre-tests to Determine the Perforriance of the troduct on Operating Life
Stresses Above the Nortwl lower Ratin for tiie Device.

Figures 4, 5, 6, 7 -nd 8 show scatterrai, of k-o at 60 V. and hE (via an IB
presentitions IC - 1 in.) stability over 1,COO hoirs of 1.6 W., 1.4 W., 1.2 W.,
L.O W. and 0.8 Watts respectively. (h -Li t 1 V.; 150 mA. was taken, but the zero-
hour readings were found to be invalid).

Comparison of these figures indinstes that no significant difference exists in
the ICO and hFZ shifts observed for the w rious stresses. The difference in
percent failure between stresses is not significant either, no matter how the
failure end-point is selected.

3. Pre-Tests to Deterione the ffect of 1.b Watt, 1,000-hour, Oerating Life
on Devices Which have Shown Stability on a Prior Long-Term Voltage Plus
Teaerature rest (Devices from lhuse I, 45 V. + Temperature Step-Stress,
92 and 192-hour treads, versus Controls of 20 V. + Power, 1 Ltnd 4-hour trerds).

Se:. Fiture 5. The 1,000-hour scatterrLza cf ICO shows no significant difference
in failure rates between the 45 V. + Temperature devices an(' the "controls".
Since reject analysis lus not yet been performed on tite devices, we cannot
establish inversion layer troubles ns the cause of failure. Regardless of the
problem, however, the compirison is .iscour-%inE, since it would indicate tLat
a vltage plus temperature screen ,Lijht not be effective in reducing the major
cause of foilure.

Althoul, the i.ilurp r.'es cou'rvwC 1r : it tist .;1, Lo cu-., -ras tc one zanotl.er,
they shul'. nct L.n coq.'mre, to fiilure r-tes txietinL in tLe Ire-tests previcusly
lescriberl, inless t.. i lct t,.: t t, ac cevices were cb t inei! eL;lier is taken into
account.

4. Pre-T-sts to Delermine the Uiect of Cycling on Relicabilit%.

These devices (Figure 1C) and the devices presented in Figure 4 were obtcined from
tie sa.me rroducLion lots. Althou& three t.knutes of ON c. cle will ciow the case
and the junction of the device to reach qr% - '% of it steady-state 1.6 Watt
vclue - so thnt junction temperatres of the cycled devices are close to those of

- Note tvt this infL-iri.:tion is not in conflict with informw tion given in the
third qirerl;, rel rt, whicl st- te,. t: t teqerr.ture a ,in- for slort periods
of ti,,. (7 : 1ur ) aHe-ared to i rrove the iecc.nicval strength of the device.
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the non-cycled devices, there was no significant 6ifference in failure rates
,etween taie two tests. Trherefore, since the IC conbiru'tion used ir the collector
ci tiz life test circuits (to suppress oscillation) presents a potential
tr,, nsient I.L~zarci G~ 15-v. spike on tae collector was seen on turn-off of the

c~rced vics),it I s been ?,ecide,( to run the PhLse II devices it the steady
.-t, te so thit neithcir parpsvEly nor conti-ir 11j will Ciey be expu~an to this

*Fh, se II St' tIAI *m: Dat- hn; lyse~i.

EJ~.~iu.1 :'e 1 r ot bilit' - ii-l1scs for devices inxdc rLoin- the Tcq~erL ture
wit. B, ,k-B3i s Vit- -. c- ; -,"*iIz, ;-: perfor.,.ed. 'n~c veis ~ baen sub-
iectcod tc :to I oi . "0 Io'ir c i2 ..t'cii .t'tu.,,s -creenin - ..ii-ly, -bzlcnced,
.OMOLeneol1: L_'i 4 .I80 devices *tcl t 2C0 0C. with is5 V. ,~nd to 2800C.

with 4L7 V._ -.a .. r~ in the tL-ird cni T.rtrl~r r..,crt -'nder tt. Iroposed Phuse
Il EL% ri:'t r.ts (Fi r 5B). Lie device.- nrt presc.ntly urnderk~-gc-\ tie st!.biIiLAtion
,_ke, to .e Ldllowed Ly centrifiLe, p-ricr to-. extt-ided ,ialti-.Ievel life t-_st. An
: 1. ticrL.l I-o -o~eneo~i.s froulp of 1,LO ievicecs will not receivc- rp~re-life test

str. -: cre rinr.,, sc t:, -z th(- ef:eetiverxesi vl~ficienc.," oi* c. ,a temr,4 ature with
vult Lr nd .ntrif iLe Licr- cnini, c, -, Le .;v, lwt, cn V e life testi.L (See Figure
21 in t.ii2 report).

Aml,% . ed 1 t,.E : fiZCts c. f -i., oirs cf eyr tur3- nd xclt. jishow devices
fromr bctl. rtra~se U 1.. 1-1 Ird.itx l, w: 1i-. .-e X an~d raphs

U. 2c ~ Will r 1. R&-. .- 14ti t ST i
*wt~e t w Thc c-. A 1BC t .7V. (i.t-., : r-,iei shift

i c.,. iri ti 1) t- I-~ -nt. .if -" I.~ '-c r FE, VC~k3T) -'Id VBL(SAT)

k. r_ 24 L.cws t. r t. L-.:n.U .' A .z. Tl~z4-, is c cil-t ition-

FiL r s 12 %.-Al I' I t, e txt;:Ale-t Li.'. cf A IcuOo i V tii o2 tht loS-norm~l
,~ri z~~i cij wi. '.ui: e -~~'7~C.wit". vc_-;Le respectivel y.

re- -wts Lx znp iLii o2 t.,e..t; ut:'VLS bl(1 .. 1w mjw~tre.-iel,-hes
de'is ro. wit 1 i c p~rc 1,;le dev;r ci tiC.,.. 74i. cL..U ted leAtst acq-,: re line

* i: k U:U-.cr:. -c~ r* -~ re r.on L~ r, z_-1, stz. z, r
:-4vi QIV0fl.; r .I,~ c'. t inc. frcui ',-ie _;" - _fo . 7- of t4.-s- p ... r.mter

L ~ tji., + L~ !r t;.c J.:re ',xtioni ci t. :cj~o'ti o of c,:vJ.:es' lying xitei-ae
c 04c. .en lii o t-%B der: tion. i.e.. A ICM for t,!o desi n-z ted !-onrs on

Fi~ytres 14,2.6 - .d I's~ow tae ~.erce:'tiles k f 1.nt &ift or U
aind VBE(SkT) r t-Cl'or ct E.Qr.ez ,r ss T..,c iercentiles cZ' 5iift or
46t0 devi .;es par zrx re iu t.'e ls' to, t 5.t.. percentile. It e. n '.-e

seen hee, L jf,t ri isin_ ti e te.uparz 1-ure frc. i £C 0 0. to28OCC. his lttle
effect or. t!Ae et..1ilitv o. taieoLaF! r-.eters for t'.,e 3(V Jccnrs of testincg. However,
st tizticz lly s-i~rnifie nt, rssultsi wera oLtz- ine on the z mlysis bz~ed or, BVBO

r,-rc:O,"tLLe siklit. WV.ile ceviocs ero,, ne:t'l.er Ersde,,m.ded (lc.,Gred BVCO), the
~Ltvbutin of percent,-I~ shift of BVLio for the~ bi.1,er stress (280CC. with

VL lt~ I-e) vas si ;nifi. ;-.t3ly xr to tap ri,_ i.t onI Jle PVeUC'.tL Le shift zzi6. FiLure
l$ ~ ~ ~ ~ _r io~rssth ns~~ n of BVUBO pe -e ohif t ior Loth -tresses :Cor the

eztrlj nd tIe !Lite re-d-outs. Above t..e I.L.utcL rz a, t.Le t,,.'ie and tAe results of
tie Kc]iogorov-&.irnov- two s, iple test is ihown. T~e raasons for t.ie tendency of
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BVCBO to rise more sharply for the higher stress cannot as yet be explained.
Figure 18 contrasts the percentiles of percentage shift between the two stresses.

Analysis of the Phase II program will continue and will be reported later.
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FIGURE 11 - PROS PHASE II EXPERDMITS.

Al 4_ V. + 20000 Inversion Centrifu;.e *3 Power I Centri e

A2 * 4, V. * 280cl * Inversi'onl * lCentifugel * ISam I* ;centr 'ifu *30 Hours Layer 20 or 35 Poer 20, 35,

rotcl Ti.e Bake-out |- Y1 atvel 50 K

200 0 C. Plane only -Jl

A3 4:-V 280 neson Cnrfg Same * Centrifuge,
300Hous Lye 20or15 ower -- %20$ 35,1

Levels L AC

B * jremperoture + 45 V. Step-Stress
1200 Hours/Ste; only.

I~u, in }se I

C re.,.1 er. ture Alone Step-Stress
9' Hours/S __p up to 36000.
Re;.d s in }Y,.,esp I

D 10::ntriA,..e Step-Strcss
|As ir P,- se I

* -Rezd Ico, ki' VCE(SAT), V ESAT), BVCEo.



tt

+ + -~~ t
~~~ + ~ 4 - --

+4-.

ItI

If 11- 4 ++-

010 0~- *~ *



+: 0

CL C!

t Vy

-3 1SO. 0
"I f



32

FIGURE 14

Table Showing the Cumflative Percentages and Results of the StAtistical
Testing * for Significant Differences of Distribution of ICBO Shift from
Initial (d ICBO) for 2000C. Temperature plus 45 V. Back Bias Stress and
2800C. Temperature plus 45 V. Back Bias Stress of 300 Hours Dur.-.tion.

(Balpnced, homoieneous sample of 480 units at each stress).

Shifts of kB 0
ir. iilii-Licroamps. 10 20 50 100 1,000 10,000 100,000

lercent of Units
ShiftinL that indicated 94.2 95.0 95.4 95.6 96.0 98.75 99.38 99.8
uno~nt or less for
200eC. + 45 V.

Tercent of Units
Shifting that indic-,'ted 95.2 95.8 96.0 96.7 97.5 99.38 99.6 99.8
arount or less for
2800C. + 45 V.

Alsolute Differences
of C, ul tive 1.0 0.8 0.6 1.1 1.5 0.63 0.22 0.0F rcert:: es____________________

I AX IT,.

5 ' Critiz 1 P" lue -9
lC,: Citic: ] Valule - 8

RESULT: STATISTICALLY INSIGNIICAIT.

• fl.e distributioii free KoLiojo;orov-&7c'rnov test based on maximum deviation
between two independent sLxple cuimlative step functions.

** - St-tisticallA. sije;ic. rit ot tle 5% critical level is equivalent to
statin, t :t tV.e probbility of obtaining that maxi, mui difference
cbser-.ved undei" tie ssumption of no distribution differences between
the p r.nrkt polul:tions is less th.,n a 1 in 20 chance.
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F'ILUA 15

lercentiles of kcrcentzge Shift for h at VcE - 1 V.; Ic - 150 mA. Shown for
200C. with 45 V. and for 2800C. with U5 V. at Each Read-out Time.

2000C. wit., L V. 2800C. witn 45 V.
HOURS HOUR3

65 130 2(,(0 300 65 130 200 .00

1% -7 -7 -7 -7 -9 - 8 -9 - 10
2% -6 -u -6 -6 -8 -6 -8 -8
5% -4 -5 -5 -5 -6 -6 -7 -7

10% -3 -4 -4 -4 -4 -6 -6 -6
25% - 1 - 2 - 3 -3 - 2 -4 - 4 -4
5o% + 1 - 1 - 2 - 2 + 1 - 2 - 2 - 2
75% + 2 0 0 0 + 2 0 0 0
90% +3 "1 + 1 I +4 "2 +2 "2
95% '' 5 + 2 + 2 + 2 5 "3 + 3 3
9% " + 3 + 2 + 3 . 6 5 + 4 + 5
99% + 7 + 4 + 3 + 3 + 8 .6 1 5 + 7

FLI TRE 16

Fercentiles of lerce:.t:, e Shift for VCE SAT ) :tt 15 znd 150 mA. Shown for
2000C. with 4 V. :nm fr 20O°G. witl. 45 V. at -uzh Read-out TMe.

20,0. wit! 45 V. 28000. with 4 V.
S !OURS HOURS

C 5 130 , CC 300 . 130 200 300

1% - 5 -U - 11 -13 - -1 2 -12 - 13
2% - 7 - 12 -10 - 10 - -9 -9 --8
5% -4 -9 -7 -7 -3 -7 -6 -5
10% -3 -,6 -6 -5 -2 -5 -- 4
25% - 1 - 3 -3 - 3 0 -3 -2 -2

.51% + i - I -1 0 + 2 0 0 +'1
75% + 3 + 2 + 2 + 2 + 3 .2 2 +3
90% +5 +5 +5 + 4 +5 4 '4 6
95% + 6 + U . 7 + 6 .6 "6 .5 +8
96% + 9 + 8 + 12 + 10 1.f *8 .7 *fl
99% .11 10 + 19 * 27 +7 .10 8 _.__
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FIGURE 17

Percentiles of Percentage Shift for VHE(SAT) at 15 and 150 mA. Shown for
2000 C. with 45 V. and for 2800C. with 45 V. at Each Read-out Time.

2000C. with 45 V. 280°C. with 45 V.
HOURS H _URS

65 130 200 300 65 130 200 300

1% 61 -7 -7 -9 -5 -7 -7 -7
2% -4 -14 -3 -61 - 1 -2 -1 -2
5% 0 -1 -1 -1 0 0 0 0

10% 0 0 0 0 + 1 0 0 O
25% +1 0 0 0 +1 +1 +1 +
50% + 1 + 1 +1 +1 + 1 +1 + 1
75% +2 +1 +1 +1 +2 +2 +2 +2
90% + 2 + 2 + 2 + 2 + 2 + 2 + 2 4 3
95% +2 + 2 + 2 + 2 + 2 + 3 + 3 + 3

+ 2 +2 + 2 + 2 + 3 +3 +3 +499% + 2 +2 + 3 + 3 + 3 + 4 +3 1+ 4

FIGURE 18

Percentiles of }ercentz..;e Shift for BVCbO at i uA. Siowf for
2C&C. witl. 45 V. and for 2800. with 45 V. at Et-h Re-.d-out Time.

WO°. witk 145 V. 260 0 C. with 45 V.
HOURS HOURS

65 130 200 300 65 130 200 300

1% - 18 -25 - 50 - 57 + - - 16 - 342% + 1 -2 - 24 - 41 + I . + 1 + 1
5% +1 +1 +1 +1 +1 +1 +1 +110% + 1 + I + 1 + 1 + 1+ + 1 + 1

25,"o +5 + +6 + 5 +7 +7 +7
50% + 7 + 8 + 9 + 9 + 12 + 14 + 14 +114
75% + 10 +10 11 + 11 + 17 + 18 + 19 + 19
90% + 12 + 13 + 13 + 14 + 21 + 23 + 24 + 24
95% + .14 + 14 + 15 + 16 + 24 + 26 + 27 + 27
98% + 16 + 17 + 17 + lb 271 + 31 + 32 * 31
99% + 19 + 20 + 20 + 20 + 31 + 34 + 34 + 34
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E. Conclu- - Pre-tests performed to d-1te have indicated that:
sions

1. Six huindred hours of 2000 C. to 2800C. produces no significant
'iechanical degradation of the device (degrcdation defined here
as an open or short after 35 KG centrifuge). As a result of
this pro-test, both 2000C. with voltage and 28OC. with voltage
are being used as screening tests in Phase II.

2. No significant difference in 35 KG inech nical strength exists
between those devices which had previously been stressed at
20 KG and those which had not.

3. No significant difference in failure rates was observed between
the 0.8, 1.0, 1.2, 1.4 and 1.6 Watt stresses. This means that
either there is no difference or, more probably, that the
sample size used was not large enough to detect the existing
difference. It is interestin.; to note th:-t devices operating
it the 1.6, 1.4 - nd, to some extent, at the 1.2 Watt levels
, re actually operzting in thentl runzway. The base lead of
such , device is open (beciuse of the back-biastS diode in the
life test circuit base connection), .nd the device is "trans-
istingC" because of thermally-generated base carriers. Since
each device appears to seek its own power level, it is necessary
to take periodic on-rack measurements of power and voltage on
each device.

4. There wns no significant difference in 1.6 Watt, 1,OCO-hour,
failure r te between those devices which hzd successfully
passed an extended volt.Ce plus teiaper ture screen and those
devices which A d not 'Lcen subjected to the screen. This offers
some prel:dirn ry inlic.x tion tha.t voltaLe L nd tejiperature .iay
not be ,n effective screen for tis type of device. Phzse II,
however, shoulc? provide a better indication of this.

5. Since the cycled test offered no evidence of higher failure
rates than the non-cycled test, and since there is somewhat
of a voltage transient problem on the operating life racks,
thase Il tests will be conducted in the steady state.

F. Proram - Continuance of the program proposed in the third quarterly report.
for next
Quarter

IX. AREA OF WORK - INSPECTION AND QUALITY CONTROL PLAN.

1 A. Work Item - Inspection and Quality Control hanual.

B. Abstract - Diring this work period, trocess Flow Diarims were coded fer
cross-reference to inter.ial docuiiant identification. Sections
I and II of the Marutl were completed. Three copies of the
Manual were forwarded to t~ie Electronics Materiel Agency for
approval.
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C. Purpcse - The Inspection and Quality Control Manual outlines the total Quality
Control plan to be implemented during the production run phase of
this contract.

F. Program - Complete, and revise where necessary, all documentation required for
for next the implementation of the Inspection and Quality Control plan.
Quv rter
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1. ABSTRACT

Passivation.

This phase of the contract is csplete. 3valbation results are reported below.

High Teoeratre Min Sealing.

This phase of the contract is complete, with a production capacity of 1,200 units per
hour attainable without automatic cap loading.

Raeriuentation and 3valuation.

A statistically designed experiment, involving 400 units, to ana2oys the rotary cap
wolder is in progress. The experiment is based on the results of the encapsulation
experiment and in aimed toward optimization of gas flow rate with respect to
reliability.

The evaluation of the automatic passivation experiment reveals that there is no
significant difference between the automatic system and the prototype. The automatic
system is therefore recommended for installation in the production line. DurUg the
experiment, it was determined that a high temperature, back-bias voltage (200° 0C. 45 V.
VCB) screen gives statistically significant results in permitting early detection of
ICBo up-shifters on high power life tests. It was also determined that 2500C. and 3000C.
storage produce failures in the bulk which degrade the breakdown voltage. Power failures
are surface-connected.

Characteristic Distribution.

Weekly parameter distributions of fhfb hrb, hob, NF, VCR, Cob, hfe (.2°C. and -S;5°C.),
BVCB0, BVZB0, ICBO (*25 0 C. and +lOC.5 are included for weeks 1 through 20 of 1963.
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2. PURPOU

The purpose of the Production nginering Masure Program is to improve the
production techniques on the Silicon Grown Diffused Transistor type 21336, with
a maximum failure rate of 0.01% per 1,000 hours at a 90% confidence level at 25cC.
as an objective.

In the fabrication of semiconductor devices there are inevitably critical process
steps which, due to process variability, exert an influence on test yields and also
on long range reliability. In order to achieve the reliability objective of this
program, two key process steps have been singled out to maximize process control.
By redesign of initial production equipment in these two areas, the latest
processing techniques can be incorporated, while minimizing process variability,
and at the same time greatly increasing production capability. The two specific
work areas referred to above are Surface Passivation and High Temperature Main
Sealing.

The objectives of this report are now noted.

2.1 PASSIVATION

Installation of equipment which will:

1. Permit the incorporation of the latest processing techniques.
2. Minimize process variability.
3. Increase production capability.

2.2 HIGH TM4PUVATURE MAIN SULING.

Installation of main seal welding equipment which will meet the process requirements,
defined as necessary to achieve highly reliable device performance, and which will
also provide for volume production.

2.3 SUN IUTATION AND EVALUATION

2.3.1 Reliability Experiment.

Determination of the reliability of the automatic passivation process versus the
prototype method.

2.4. CHARACTnISTIC DISTRIBUTIONS

The establishment of a system to monitor the electrical parameter distributions on the
4JD14C line where the 21336 is produced.

3. NRTIVE AND DATA

3.1 PASSIVATION

The automatic passivation equipment was installed, as reported in the second
quarterly report, and the evaluation of the equipment is reported below.
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3., 2 HIGH TE4PERATURE MAIN SEALING

Analysis of the high temperature main sealing process is in progress.

A total of 400 devices, fabricated over a period of several weeks, has been encapsulated
using both the new rotary cap welding design and the present standard encapsulation
system. The high temperature ani the duration of purging time are maintained for both
systems at constant levels, as established from previous experimentation.

Three levels of gas flow rate will be used for the rotary welder to establish an
optimum, All other materials, process steps and equipment preceding and following
encapsulation have been kept identical. The units have been identified so that the
period of production as well as the encapsulation system (and the different flow
rates for the rotary system) can be established.

All units will be processed through a temperature and back-bias voltage screen and
put on an extended accelerated power life test

Results from this experiment will be reported in due course.

Since the production rate of 1,200 units per hour, as presented in the proposal, is
attainable without automatic cap loading, this phase of the process has been dropped.

3 3 EXPERINTATION AND EVALUATION

,he following pages contain the report on:

3.3.1 RELIABILITY ECPERI14ENT

OBJECTIVE.

The primary purpose of the Passivation Experi~rent is to allow a valid comparison to
be made between the new automated surface passivation system (as described in previous
reports) and a prototype of the proposed system (referred to as the standard
passivation system). The comparison will be based on the reliability and distribution
performance on accelerated power and temperature storage conditions for devices
processed through both passivation systems.

A secondary purpose ts the demonstration of the effectiveness of a short time
(100 hours) of 100% stress screening of temperature (2009C.) with back-bias
collector voltage (45 V.) in culling out potential n-inversion failures on long-
tern high power tests.

UERIMENT DESIGN.

A total of 500 devices, fabricated over a period of several weeks, is used in this
experiment. All material, process steps and equipment used in fabrication are
identical, except for the passivation processes. The passivation procedure, using
both systems, has been performed at several production periods to assure adequate
replication of the experimental design.

Figure 1 shows how the devices are allocated throughout the experiment in a balanced
fashion. Thus, the design reduces to a replicated 23 full factorial, viz. 3 variables,
each at two levels, as shown in the figure.



AUTOMATIC
PASSIVATION

STANDARD
PASSIVATION 

a

SCREENING CONDITIONS. LIMt TEST CONDITIONS.

200 0C.; 45 V. Vc C E
for 100 Hours.

760 mw.; 30 V. VCB; 25 0C. ambient teperature
Stabilization Bake Emitter current cycled 50 minutes ON, 10 minutes OFF.
50 Hours.

STORAGE:

250'C. ambient temperature.

Minimu 1,000 Hours.

FIGURE 1 - EXPEIMNTA DESIGN.
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TEST CONDITIONS AND MEASUREiENS.

All devices are measured initially and parameter screened before being considered as
experimental potential, i.e., ICBO at 30 V. VCB-50 muA, and ICED at 25 V.-i00 tik.
This is followed by a 100-hour stress screen of temperature (2000C.) with back-bias
collector voltage (45 V.) apilied to a random balanced half of the total devices.
The stress-screened units are parameter screened and subjected to a 50-hour stabilization
bake, then parameter screened again.

Both stress-screened and non-stress-screened devices are then divided, again in a random
balanced manner, between a 1,000-hour accelerated power test (760 ,w.; 30 V. VCB1 25 0C.
ambient temperature with emitter current cycled 50 minutes ON, 10 minutes OFF) and an
accelerated temperature storage test (2500C.).
(The life testing of automatic passivation units is to be extended to provide further

information, depending on socket availability).

CONCLUSIONS AID RECOM .rATIONS.

Statistical analyses (both on an attribute and on a variables basis) comparing the
two passivation systems showed no statistical significance, either during stress
screening or during extended accelerated power and temperature storage tests.

Tables 1, 2 and 3 show the percentiles of ICBO leakage, hFZ percent shift from initial
reading and BVCB O degr idtion respectively for different combinations of passivation
system, stress screening and accelerated life test. In the case of stress-screened
units, "initial" reading is the reading after the stabilization bake, immediately
prior to life test. The dz&ta is shown for each successive readout time on the accelerated
life tests.

Table 4 and Tables 5, 6 ind 7 show the Contingency Tables and summarized Chi-square
teat results. These demonstrate statistically significant differences (at the 0.05
level) between stress-screened and non-stress-screened product and the different life
tests both on an attribute (Table 4) and on a variables (Tables 5, 6 and 7) basis,
while non-statistically significant results are obtained between the two passivation
systems.

Figure 2 demonstrates the very positive correlation between ICBO "up-shifters" on
short-term (100 hours) temperature plus back-bias voltage screening and long-term
(1,000 hours or more) accelerated power testing. This correlation is not evident
between temperature and back-bias screen and accelerated temperature storage life
test, as can be seen in Figure 3.

Reject analysis reveals that the failures on 2500C. storage life test show an extreme
breakdown voltage degradation which is very much time-dependent as well as temperature-
dependent, and independent of temperature and back-bias voltage screening. Weibull
plots of failure-in-time give a slope (0) of 1, showing a constant failure rate. For
250 0C., this degradation occurs in the neighborhood of 1,000 hours; raising the temperature
to 300°C., for example, will more than halve the time at which degradation occurs.
These failures are not recoverable on re-etching and appear to exhibit a non-surface
phenomenon.

The few failures occurring on the 760 mw. life test (in the neighborhood of 1%) are
recoverable on re-etching, however, and appear to be of the surface contamination type.
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RECOMiNDATION.

Based on the results of this experiment, the new automatic passivation system is
recommended for installation in the production line.

TABLE 1

10, 50 and 90 Percentiles of ICBO at VCB - 30 V. at Initial (Value after Bake for
screened units) and after 2 0 , 1990 500 and 1,000 Hours of Accelerated Life Testing.

ACCELEtATED POWER
(760 mw.; 255C. ambient temperature; cycled emitter

current 50 min. ON, 10 min. OFF).

SCREENED UNSCREenED

LIE rEST HOURS LIFE TEST HOURS

lnt 20 160 500 1000 Init 20 160 500 1000

10% 0 0 0 0 1 0 0 0 0 1 muA.
Automwatic
Passvation 50% 2 2 3 3 5 2 3 5 7 10 muA.
System

90% 9 9 10 15 23 19 15 29 90 134 nmuA.

10% 0 0 0 0 1 0 0 0 1 2 muA.
Standard
Fassivation 50% 2 3 2 3 5 2 3 3 6 8 iwA.
System

90% 13 17 17 17 34 15 13 30 42 58 muA.

ACCELERATED TEMPERATURE STORACE

(2500C.)

SCREENED UNSCREENED

LIFE TEST HOURS LIFE TEST HOURS

Iit 20 160 500 1000 Init 20 160 500 1000

10% 0 0 0 0 1 0 0 0 0 1 muA.
Automatic
Passivation 50% 2 3 2 2 2 2 2 1 2 3 mu.A.
System

90% 10 13 8 8 15 15 13 9 21 I0 uA.

10% 0 1 0 0 1 0 1 0 0 1 muA.
Standard
Passivation 50% 2 3 2 2 2 3 3 3 4 3 muA.
System

90% 18 29 1 2 10 12 12 32 18 18 46 muA.
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TABLE 2

10, 50 and 90 Percentiles of hFE % Shift from Initial (Value after Bake for screened
units) at Vc - 5 V.; IC - 1.O mA. at 20, 160, 500 and 1,000 Hours of Accelerated

Life Testing

ACCELERATED P0WER
(760 iw.; 25'C. ambient temperature; cycled emitter

crrent 50 main. ON., 10 ain. OFF).

SCE.ED UNSCRENED

LIFE TEST HOURS LIFE TEST HOURS

RI 100 50u 1000 0 20 160 500 1000

10, 3 6 9 2 -24 S -h
Automatic
lassivntion 50% 12 1 23 17 10 15 25 18
System i

90% 191 2b 1' 26 20 33 46 35

l% 0 o O -4 2 7 8 1
Standard
Passiwtion 50% 13 1 >9 1L 1. 19 24 16
Srs tern

)0% 21 214 33 2o 26 32 24 31

ACCELERATED TEMPERATURE STORAGE

S5o. co.

SCREENED UNSCREENED

LIFE 'TST HOURS LIk% TEST HOURS

20 1.60 500 i000 20 160 500 1000

10% -2 -24 -3 -36 -2 -25 -33 -43
Autom tic
Passivation 50% 5 .2 -4 -10 3 -3 -5 -12
System

90% 13 18 22 24 13 18 38 46

10% -2 -23 33 -.39 -2 -27 -31 -36
Standard
Passivation 50% 5 -2 -6 -12 5 -14 -6 -ii
System

90% 2.1 12 20 1 7 -24 15 23 22
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TABLE -3

10, 50 and 90 Percentiles of BVcB O at IC - 50 uA. at Initial (Value after Bake for
screened units) and After 20. 160, 500 and 1.000 Hours of Accelerated Life Testing.

ACCELEA TED POWAER
(760 mwo, 250'2, ambient temperatare, cycled emitter

carrent 50 'uan. ON, 10 min. OFF).

SCREENED UNSCREEnED

LIFE TEST HOumS LIFE TESI HOURS

it 20 160 500 -000 Init 20 1bo 500 1000

10.9 G.1 5 J j 3 12 4 76 75 77 79 77 V.
Ai tovtio"
Pissivatior. 50, 3 131 13- 132 136 ll !15 118 118 122 V.
System

901 162 1it 16 161 lul 152 152 193 159 159 V.

101 70 71 o 6 7 C7 6t b6 76 77 78 V.
Standard
-assivatlc.n 500 122 .,_".. 1_5 12" 12 115 20 123 124 123 V.

Sys tern
0:A It9 iL 173 lo9 le. 162 162 162 162 162 V.

ACOELERATED TF.&I-Ei ATURE STORAGE
( 25J,° )

SCr 1EEnED UNSCREENED

LIFE TEST HOUiRjS LIFE TEST HOURS

Ini.t 20 luO 500 i00 Init 20 160 500 1000

,0% 93 94 90 67 80 62 78 51 27 V.
Automatit!
Passivation 50% 12L 127 -i4 118 120 f. ji 129 118 110 102 V.
Syst em

90% 178 i78 179 175 .LI io! iu2 !60 156 155 Vo

10% 6 8: 85 79 59 60 63 82 77 39 V.
Standard
fassivation 50% 128 128 130 125 -19 122 126 127 116 111 V.
System

90% 163 1-6h 1 L6, i 60 159 1651 165 16h 164 154 V.
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TABLE 4

Two by Two Contingency TabLes on Failures* Showrg Chi.Square Test Results
Comparing Separately:

A. Automatic versus Standard Passivatlon,
B. Stress-Screen versus Nor Stress-Screen..
C. Accelerated Power Life Test versus Accelerated Temperature Storage Life Test.

A. AUTOMATIC STANDARD MARGINAL
FASSIVA PION PASSIVATION TOTALS

No. of Non. F.: ed Devices ibL 205 387
No. of Failed Dv-.,,es -0 6 i6

MaznITo -,'-i - 2ii 1 _403

Cal., lated 3Tha .Sq;,e 0.9; STATISTIOALLY INSIGNIUICANT

B. STESS NON-ST:iSS DARGINAL
SCAEIENED SCREENED TOTALS

No. of Non-Falied Devizez I0 387
No. of Failed Devices 4 12 16

harginl Total 5 211 1 1 403

Calculated Chi-Sq,,ire -- 4o.
5% Critical Chi Sqre %l degiee of Freedom) 3.84
STATISTICALLY SIGNIFICANT AT THE 0.05 LEVEL,

C. I s ORAblE MARGINAL
TOTALS

"o. of NonFailed Devlies .3 38?
Nu. of Fa--ed Dev.-s _ ____ _. i6

Ma r n._ira T 19 __ 403

CAlculatud Ch-,. Sq 3qu L,
5% Critic.- Chi Square (i d :ee of" F.eeux,:) 2 64
STATISTICALLY SIa}NIFICANT AT THE O05 LEVEL.

* * F ilures are defined a- th,.moe deiLcei wk±1.h exceed I uA. for ICBO at VCB 30 V,
cr Life Te-t,

All devices hlave pa~sed the p1-x p.treter (IcBO and ICEO) screenang criteria.

"Statisticaily sigrif--n', t. tne 0.05 leve'l" is eqialent to stating that the
probability of observing a break-up betweern faiLires and non-failures under the
assumption of no dhfferen.e b etween the Iwo types of devices is less than a 1 in
20 lhanc e
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TABLE 3

Contingency Tabl.es, Shcwing Chi Sqtiare fest Results Comparing the 30-V. VCB IOBO
Dthstribut;.oi Separitelj for:

A. Stress-*Scraened versus Non Stress.-.zreened.
B3. Asceier-itp-d hlwec LitQ Teot versus Azceler Led Temperature Storage Life Test.

After 1.000 H-oirs on Lilte T,?'3t.

A, S I'RESS .SC REENED NON STA~ESS- SCREENED MARGINAL
_______ _______ _______ TOTALS

Freqaaen :y Observed Expectvd Observed Expected
Class

0. 14 -f: J.6 7 266
.3 C ~19.1 140

120 '50 3.3 3.1.4 66
a-5o d I')ou; 11 7.6 16

-Lrin 1 Tc t: .u 403__ , _____ ______

HIUHLY SIGI'ilANr.

I owdr- 3M0.AZE I-AcGNAL
_______________ _____TOTALS

Frquericj Observed Expec:ted 0bus. rv Jd Expected

> 5 -C 1 4l 20o 140
51 5u 3Z. 33.9 66

~'~ ~..OO IIg~b8.2 1b
I:r~ __ __j 7.7 1 1

Plar i . Tctas -IL I.7 L9 L 3__

C-c-.it.ed Clhi-Sqiare - 4-,7
4.% Critizia. Ch.-Sq-i.-re (4 derreies of Fedi) 1.
HIIH{LY SIGNIFIC3ANT.

AlL- ievices have pastsed ti.t nultl p~r--re:Er '(CHO and A-M screening criteria.

"i2.'iy s;.grafic-,nt at ,he 19~ le,.e]" as equivalent to stating that the probability
ef obser-rtng a break--p between freq.-:en-,y classes under the assumption of no difference
beitw, r1 *he two tyles oI devi~ces is 1o, s th.-in a I. in 100 chance.
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TABLE 6

Contingency Tables, Showing Chi-Square Test Results Comparing the hFZ Percent
Shift from Initial Life Test Value at VCz - 5 V.; IC - 1.0 mA. Distribution
Separately for:

A. Stress.-Screened versus Non-Stress-Screened.
B. Accelerated Power Life Test versus Accelerated Temperature Storage Life Test.

After 1.000 Hours on Life Test.

A. S1.RESS-SCREENED NON-STRESS-SCREENED MARGINAL
TOTALS

Freq ency Observed Expected Observed Expected
Class

.4o 3 5 5.7 12
30 -40 i0 12.6 14 11.4 24
-20 -.30 20 19.3 17 17.7 37
.10 -20 25 22.5 lb 20.5 43
0 -10 "b 26.7 23 24.3 51
0 +10 3J 35.0 34 32.0 67

+10 +20 47 44.5 38 40.5 85
+20 +30 28 24.1 18 21.9 46
+30 +40 5 b.9 12 8.1 17
+40 8 11.0 13 10.0 21

Marginal Totals 211 3192 40

Calculated Chi-Sqiare 9.2
10% Oritical Chi-Square (9 degrees of Freedom) 14.7
STATIS ICALLY INSIGNIFICANT.

B. POWER STORAGE MOGINAL
_ __TOTALS

iFrcquency Observed Expected Observed Expected
Class

-4o 0 5.8 12 6.2 12
-30 -40 0 11.7 24 12.3 24
-'_o -30 i i8.0 36 19.0 37
o'i0 -20 o 20.9 37 22.1 43
0 .40 12 24.6 39 26.2 51
0 +10 39 32.6 28 34.4 67

+10 +20 79 41.3 6 43.7 85
+20 +30 38 22.4 8 23.6 46
+30 +40 12 8.3 5 8.7 17
+40 9 1i02 12 10.8 21

Mar-inai Totals 196 207 -_I_1_ 403

Calculated Chi-Square - 193.0
1% Critical Chi-Square (9 degrees of Freedom) - 21.7
HIGHLY SIGNIFICANT.
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TABLE 7

Contingency Tables, Showing Chi-Square Test Results Comparing the BVcB O (Ic - 50 uA.)
Distribution Separately for:

A. Stress-Screened versus Non-Stress-Screened.
B. Accelerated lower Life Test versus Accelerated Temperature Storage Life Test.

After 1,000 Hours on Life rest.

A. STRESS-SCIMENED NON-STRESS-SCMNED MARGINAL
TOTALS

Frequency Observed Expected Observed Expected
Class

V,

0 40 5 9.4 13 8.6 18
hO 80 -2 25.1 26 22.9 48
80 120 72 72.5 67 66.2 139

lt0 160 92 85.9 72 78.1 164
160 _00 1' n57 14 14.3 30
200 4 2.1 0 1.9 4

i.-rglrnal Totals 211 192 403

Cul ,ilted Chi-Sqi re = 9.
10% riLtc,l Chi.Sq,re (5 de:rees of Freedom) 9.24

5% Criticl ChGi-Squire (5 degrees of Freodomn) = 11.1
STATISfICALLY SIGNIFICANT AT frE 10% LEVEL.

B,, FO UM STORAGE iARGINAL
TOTALS

Freq-enc. Observed Exrected Observed Expected

V,

( 40 1 8.8 17 9.2 18
,p, bo 20 23.3 28 24.7 48
LO i 1,'0 10 07 ,u 7 71.4 139

120 160 96 79.8 6b 84.2 164
160 200 17 14.6 13 15.4 30
200 2 1.9 2 2.1 4

Maraind1! Totalsi 196 207 1_1_ 403

Calc:llated Chi-Sqtare 23.2
1% Critical Chi-Square (5 degrees of Freedom) - 15.1
HIGHLY SIGNIFICANT.
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3.4 CHARACTERISTIC DISTRIBUTIONS

The attached report gives the weekly parameter distributions of BVE 0 , BVcBo, hfe ,
ICBO at 250C. and 150 0C., and hfe at -550C. As stated in the last report, current
gain hfe has been recorded rather than hfb, and BVEB0 at Iz - 100 microamperes has
been recorded rather than IE 0 at VEB - 1 Volt.

The Quality Control Report describing the quality practices exercised by the General
Electric Company in the construction of 2N336 transistors for the U.S. Army lectronics
Materiei Agency was sent to the Agency on 2-19-1963. A request for additional forms was
filled on 4-12-1963. rhe manual will be used when the production run is begun.
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4. CONCLUSIONS

The passivation experiment has shown that the automatic equipment is not significantly
different from the prototype, and its installation in the production line is fully
justdfied. The reliability study performed during this experiment has shown a
significant statistical difference between those units which have been subjected to
a temperature and back-bias voltage screen and those which have not. This screen
has the ability to remove the potential IC0 up-shifters on both power and operating
life tests. The failure mechanism appears to be surface-oriented. High temperature
stresses of 250 0 C. and 300 0 C. appear to produce bulk failure mechanisms which are
irreversible.

A main seal welding experiment is in progress to optimize the flush time and to check
the reliability of the equipment. The automatic cap-loader has been abandoned, since
the proposed production rates are attainable without it.
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5. PROORAM FOR NUT QUARTE

5.1 PASSIVATION

This part of the program is complete.

5.2 HIGH T14PERATURE MAIN SEALING

This part of the program is complete.

5.3 PRODUCTION RUN

This part of the program is ready and can be started as soon as authorization is
given by the Agency.

5.4 PEIRMNTTION AND EVALUATION

Evaluation of the rotary cap welder will be continued.

Evaluation of the production run will begin as soon as this part of the program is
authorized.

5.5 CHARACTERISTIC DIStrIBUTIONS

The monitoring of the electrical parameter distribution of the 4 JD4C line will
continue. Parameters will be added as necessary or dropped, if it is found that
they can be controlled via correlation with other parameterr
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6. PUBICATIONS AND RVMOTS

6.1 Formal Quarterly Report.

The Third Quarterly Report was completed, approved, and distributed.
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PROFESSIONAL PESONNEL

and

TOTAL Al FLIED EFFORT

for period covering

31 January 1963 - 30 April 1963

PERSONMEL MAN-HOURS

F. J. Potter 1,096

P. W. Olski
D. F. Smith
T. E. Gates
C. L. Jeffers
F. Kiripudi
W. A. Scherff
A. Fox


